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YVIND-TUSNEL TESTS OF SINGLE— AND DUAL—-ROTATING
TRACTOR PROPELLERS OF LARGE BLADE WIDTH

“By David Blermann, ¥. BE. Gray, and Jullan D, Nayanard
SUNMARY

Teste of 10-foot diameter, single—~ and dual-rotatiag
tractor propellers having fron two to eight blades were
conduectad in the NACA 20—foot propeller—research tunnel of
the Langley Hemorianl Aerorautical Laboratory. Thls work
wvas a contlnuation of previous 1investigatlons of tractor
rropellere. The test program Ciffered from the previous
investigations only in the respect that the blsdes used
were 50 percent wider than those Dreviously employed. The
propellers were mounted at the front end of a streamline
body with a symmetrical wing in the slipstreanm.

The decrease of peak effliclency wiltih lnoreased solildl-
ty was very lo. Increasing the solidity four times de—
creared the mazimum efficiency by onliy 6 percent for single
rotatlon. The percentage change was even leas for dual
rotatlon.

The effects of dual rotation and changes in solidity
were, in general, the same as the effects found in previ--
ous investigatlions of standard blades.

IHTREODUCI ION

Recent lncreases in pgirvlane englne power and in the
altltude of flight have made it necessary to provide pro-—
pollers of greater blado area. These blade areas can be
Provided by increasing the propeller dlesmeter, the number
of blades, or tho blade width.

Previous reports (references 1, 2, and 3) have pre—
sented the results of tests of propellers having from 2 to
8 normal—wildth blades. In references 1 and 2, the results
were reported for propellers in the tractor position. 1In
reference 3 the resulis were reported for propellers in the



pusher position., The present report presents results of
testse of similar single— and dval~rotating tractor pro—
pellere of 650 percent groeater bladd width than those
previously tested.

APPARATUS AND METHODS . o

The tests wore made in the NACA 20-foot propeller—
research wind tunnol with oguipment that has been previ—
ously described in reference 1. A »nhotograph of the test
set—up 1s shown in figure 1. Figure 2 is a dimensloned
plan drawing of the model.

Pronellers.— The proneller bdlades used for the
presert investigation were ldentlcal in section, pitch
distribution, and thicknecs ratlo to the blades used in
references 1, 2, and 3 but.were 50 percent wider, except
for the transition portion near the shank., The blades
were made of wood and Ffitted into steel sleeves machined
in accordance with SAE blade end.no, 2 standard. They
were finlshed with a white model enamel and rubbed to an .
gaerodynamically esmooth finlsh.

For 1dentirication purposes the blades will be re—
foerred to as "wlde blades" and will be herein designated
3156—6—1,5 (right-hand) and 3165—6-1.5 (left—hand). The
$lan form and blade—~form curves are glven 1ln figure 3 for
the wlde blades as well as for the standari—wildth 3155—6
blades.

The two~, three—, and four—blade single—rotating pro—
pellers were mounted or the rear hubd only; whereas the
gix- and elght~blade single— and dual—-rotating propellers
and the four—bdlade dual-—rotating propellers were mounted
on separate hubs spacod 15 inchos apert. 4Angular dle—
placemont botwooen the front and the rear nropeller blades
for the single—rotatlior conrndition was the semme for these
tests as for previous tesis on the standard blades. The
front blade led the rear blade by 85.4° for the four—
blade propelder, 765.0° for the six—blade propeller, and
52.5° for the eight—blade propeller. Reasons for the
cholce of these angles have been given in reference 3.

Teet conditions.— The maximum tunnel speed (approxi-
mately 110 mph) and the power of the drive motors (two
26-hp electric motors) resulted in a Reynolds aumber and
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a tip speed considerably below thoss experlenced in flight.
The maximum propeller speed, which was 530 rpm, was ob—
tainable only for the low blade angles and the low rango

of advance—~diamneter ratios of the tests. The tip speed,
consequently, was below 300 fest per second and the effect
of compressibility could not therefore be measured. The
Heynnlds number of the 0,76 radius section was of the

order of only one and one—hglf millloxs.

The seme angular differences between the right—hand
and left—hand propeller—blade settings were used for the
dual—rotation tests with tho wide blade as had been used
with the standard-width blade. The left—hend (front) pro—
peller was set at evsr wvalunes .of blade settlng and the
right—hand (rear) propellar vas 84% to absord approximate—
ly the same power ae the loft—hand propeller for the peak—
offlclency conditlon only. A vniot of the angular dlffer—
onco betweon the front and thé rear propeller—blade set~
ings is glven in figure 4. The rear propeller wae selb at
the same blade angle ac the froat propeller for the 10°
and the 15° blade angle. The speed 07 the right—hand pro—
peller was itaintained equal to tha speed of the left—hand
propeller throuzhout the teats, The test procedure was
the same as the nrocedure used for lnvestigations of ref-
erences 1, 2, and 3.

RESULTS AND DISCUSSION
The measured valuss have been reduced to the usual

coefflcients of thrust, power, and propvulsive efflclency,

cffective thrust

Op =
p a”p4
enine power
GP=
p n3D8
Cp v
n = 5= X =
B 5
v
Cqg = P or



where
P power absorbed by propeller, foot~pounds per second
v aifspeed, feet per second
n prépeller rotational speed, revolutlons per second
D propeller dlameter, foeet
p mnass denslty of the ailr, slugs per cubic foot

The effective thrust 1s the measured thrust of the
propeller—body combination plus the dreg of the body

measured separately.

Several comparisons have been made on a basls of the
activity factor for the propeller uait, expressed as

10000 /™% ,xN\3 b . /7
ivi £ = —_— / L 9 z
Total activity factor B x 16 / (R) D da (R)

where .
P Dblede wldth, feet

r radius to any statlion along hiade, feeot
R radius of proreller, feet

B numdber of bDlades

The fipgures giving the basic propeller characteris—
tics are presented in the following table:

Figure N¥umber Ddlades ] Rotation Remarks

5 to 8 2 elngle Tested in rear hu
9 to 12 3 single Do.

13 to 16 4 single Do.

17 to 21 4 dual

22 to 26 6 single

26 to 3C 6 dual

31 to 34 8 slangle

35 to 39 8 dual




Various comparisons and design charte are presented
in figures 40 to 62, as followea:

: Fi e

'8 gur
¥ 40 Bffect of dual rotation on efficlency en—
L ’ velopes
f 41 Variations. in efficlency gain due to dual

rotation with solidity and ¥V /nDd

42 to 44 IEffect of dual rotation on-efficlency at
consbant power

4b Efficiency—envelope conparisons for differ—
ent solidities

46 to 52 Hffect of sBolldlty on efficilency at constant
power

53 Efficlency—envelone conparisons for pro—
pPellers having the same solldlty dut a
different aumber of bledes

54 to 55 Effect of number of blades on efficlency at
constant power and solidilty

56 to 60 YVarlation of thrust-—cooefficlent with activity

factor

61 Design chart for propellers 3155—6-1.6 and
3l6—6—1.6 of different 'solidities; single
rotation

62 Design chart for propellers 3166~6—1.5 and
3156~6~-1.5 of dlfferent solidltiles; dual
rotation '

Esfect of fual rotatlon.— The effects of dual rota—
tlon sppear to be about the same for wide blades as noted
for the standard blades reported in references 1, 2, and
3. These effects may be studled closely by referring %o
the basic propeller .characteristics given in figures 17
to 39 whereiln results from the single—rotation tests are
superimposed on the results from the dual-rotation tests
for three representative angles,




A comparison of the onvelope curves for single—~ and
dual—rotating promellers of the same solldity is given in
figure 40. 'The four--blade duel—rotating proneller was
from 1 to 3 percent more efficient tkhan the single-rotat-—
ing propeller; whereass the six-blade propeller was from
3 to 4 percent more efficient. The galn 1n efficiency
tarough dual rotation was slightly less for the eight—
blade propeller than for the six—blade »Hropeller. As
this result seemed contrary to established trends (see
figure 41) and also to theoretical considerations, it was
thought that some of tie results might be in error. ZRe—
peat tests, howvever, of both the sixz— and the eight-blade
propellere checked the origliaal tesis.

The galnse through dual rotation, for equal solidi-
ties, were roughly the same for the wide blades (fig. 41)
as for the standard blades previously tested. Small
differences noted are within the experimerntal accuracy.

The results of references 1 and 2 haeve indicated
that the gelns dus t0 dusal rotation would be expectsd %o
be about twice as great for the conditlon with the wing
renoved as for the condition with the wing in place.
The galns would also be expectod to be greater for the

pusher position than for the tractor position. (See ref—
erence 3.) '

Since dual-~rotating propellers absorb slightly more
power than single—~rotating propellers, a slightly better
comparison of the effect of dual rotation on efficlency
is provided in figures 42 to 44 whereln comparisons are
made on the basis of constant Cp. Tkhe galn through dual
rotation wves more pronounced for the take~off and climd—
ing conditions than for high speed, especlally at high
values of Cp.

Bffect of s0lidity.— The efficiency envelope curves -

in figure 45, which represent . a blade efficlency, lead to
the sems general conclusilons as similar curves in refer—
ence# 1 to 3. An increase inr solidilty due to an increases
in tke nunber of bPlades from two to eight resulted in a
lose of blade efficiency amounting to as much as 6 percent
for single rotation. The difference in efficlency due to
the change from a six— to an elght—blade propeller was
-apparently less than the percentage accuracy of testing,
. 8lnce the same envelopes were falred through Dboth sets of
curves. With dual rotation, the loss in blade efficiency
due to increased polidity was less in general than for )
single rotation; the lcss was, however, apprecilable.
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It was realized that efficiency envelppes based solely

‘on V/nD served -as-an- unfalr basis of comparison for the

propeller as a whole becauce, for any given valué of "ad="
vance—~dlameter ratlio, the power absorbed was noarly pro—
portional to the number of blades. In figures 46 to B2,
therefore, the efficiency comparisons for the various
propellers have been plotted at certain assumed values of
the power coefficient. WFor the take—off and climd condi-

‘tione, . there wns an appreciab’e increase in efficlency

vith increasing number of blades, partioularly ‘for'the
higher power coefflicients, . Ior a propéeller designed to
give the .best performance at ‘high epeed, some loss in ef—

"ficlency at high-speed is unavaildadle i1f the’ solidity is

inereased to 1mprove the take—off,

- As a firat apnroximation, the effect ‘of 1ncrea51ng

. the solidity may be considered to be the smame whether thise

increase-1s8 odbtpined by verylng either the blede width or
the nunber of blades., Hodern theory (references 4 and 65)
indicates, howaver, that for a given solidity the effi-

" elsncy will -increnpe with the number of blades. The
. presert experlments 1n¢icate, nevertheless, that the dif—

fercnces in efficiency, were small and were, in general,
wvithir the experimental error. (See figs. 53 to 55.)

The problem often arises ir design work of correct—
ing propeller~performance.conputations for differences in
activity factor betwcen the nropeller that 1s being used
and the propelier for which tedt results are avallable.
In order %o, faollitate such correéctions, plots of Onp

agalest actdvity factdr. for constant values of G are

.ingiuted for several values of V/aD. (See figs. 56 to

60.) ' The plot for  V/mnD = 0 1is not included because the

:resu1ts frOm atatic thruut teats are npt yet availabla.

© Twe results for both stan&ard and wide bladeﬂ. vhich
are irsluded, allow a falrly accurate estimate of the ef—
feoct of changes in metivity factor on.thrust. The results
for wiis blades agroo -fairly well with the results for the
standerd bladee except -1n the stalling range, wvhere the
wide tiades exhibit a higher thrust for a given power co—

“ - -

Gompoaite 0g charts.—~ In flgure 61 1s presented a
conposite of the envelopes of Cg charts for single—

rotating propellers arnd .in figurelﬁa, a composite for -dual-
rotatingz propellers. The figures may serve as an ald in

-




preliminary design for the selection of a suitable pro—
peller and should be used in conjunction with a speed-
edvance—dlameter ratio chart,. such as figure 58 of refer—
ence 3, from which a value of T/nD may be found for the
limiting t1lp speed., XEfficiencles and diameters mey dbe
determined for several soliditles from the composites.
These charts provide a measure of the relative diameter of
dlfferent propellers having s different number of dlades
as well as a comparison of the efflicliency of propellers
selected on a basls of .0y, irrespective of the dlameter.

CONCLUS ICTS

1. The maximum efficlency for extremely high solidi-
ty propellers was relatively high. A propeller having a
total activity faetor of 1076 had a maximum efficlency of
83 percent for single rotation and 85 percent for dual
rotation, as compared with 88 percent for a conventional
three-blade propeller having an activity factor of 269,

2. The general effects of dual rotation found in
this investigatlion of wide-blade propellers differed
little from the effects found in previous reports on stand—
ard—~blade propellers. These effects are summarized as
follows:

[

(a) Dual-rotating propellers absorbed substantially
more power for the peal—efficlency condi-
tion than single—~rotating propsllers of the
sane solidity; the effect was even more pro—
nounced for the take—off ard climb conditions.

(b) Dual-rotating propellers were found to be sud—
atantially more efficlont for the take—off
and climding conditione of flight than the
8ingle—rotating propellers, particularly for
operation at high power coefficlents,

3. The general effects of changes in number of blades
found in this investigation of wide—blade propellers agree
with results of investigations on standard—blade propel—
lers. These effects are summarized as follows:

(a) The peak blade efficiency was found to decreass
with increased number of blades; thias effect
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wvas nore pronounced for single—~rotating pro—
+pellers .than for dual—rotating gropellers.

(b) The efficiency for the take—off and climbing
condltions increased substantially with in—
creased number of bladée for constant power
input with o slight loss at the high—speed
conditlon.

4. The peak efficlenay for a four—~blade single— or
dual-rotating propeller was found to differ from a six-
blade propeller of the same solidity dy not more than 1
er 2 percent.

Langley Memorial Aeronautical lLaboratory,
Yational Advisory Committee for Aeronautics,
Langley Field, Va.
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Figure 1.- Test set-up. Eight-blade dual-rotating propeller

with wing.
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Figure 13.- Thrust-coefficient curves for four-blade single-rotating propeller.
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Figure 14.- Power-coefficient curves for four-blade single-rotating propeller.
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D 2 4 8 8 L0
68 1 (=)
. ——— Duo/ rolation \ 30
64 ——Single = ! \
\\\k\ »n
-5 \\ \\ \ I
56 B \\ :
\‘ ~ 11 d ‘\ oy
N \ \ N ' PN VN
N \\\ N \\ \
|_1— :
© N \ AN N A !
aa SUAW \ DU EVEERIEEAN \
\ \ P ™~ - ;\ \ \ \\\ 18
- %=kl | T\ N | '
o X ANEERCAREL \ N .
28 NIHEN \ \ \ \ N s
e, N ) ) N \ \ | e
A LN NCRCTS NNEENA
' N MR \ N e
20 \ \ \ \ 2\ MERINER N
\NHBY NEY \ WHANEN N "
PN INIEHANR \NHRY \ HERNA N
\ ) ) NN N \¥ N )
P EER) \ \ WWHAWAY AN
WAL \ \. < 4 "
o )\ AN \ \NA -F-FN
LN \NEA'NA\ \ N \ NAY 54\ 56| 58|60
o ) N \ \ 1 N\
\ ) \ \[ ] TN e
o I A \ \ \
| \ ALY N R pi|\ o] | 2ov| NN N .
\E A ) \ A\ ! N
o4 , \ . \
' s=10°\ |15°\| 20\ |2sA\ | 30\ | =5 AN 50°\ 55° of .75R \\{r AN
@ TN [ T \ T [ N

2 4 6 & 10 12 |4 16 18 20 22 24 a%npz.a 20 32 34 36 38 40 42 44 46 48 50 52 54

Figare 26.- Thrust-coefficient curves for six-blade dusl-rotating propeller, showing suverimposed curves for 300, 43°, and 60° single rotatien.

VR

92 B



.4 .6 8 1.0 12 1.4 1.8 D 2 4 - F] 1.0 2
24 5 . (2) T 1] E
—D._Jalrofaflon \\ \ :
32 ——— Slngle . \\ L2p
“ \
2.8 \\ : \ ”
26 \\ \ \‘ 7]
TN N\ \
a4 NEERES N \ .
22 +1 1. \ B \ \ 7]
¢ =4 1 ] ’// Cr \ \
o \ \ \
2.0 = \ \ S \ 10
1.8 T \ X \
T 41— \\ T\ \ \\\
~— N \ \ VR NI
1.6 \\ 1] L1 — JJ\ \\_\ [ \ \* ‘6 \ \ Los
1.4 - 11" \\ - \ \~\~ \ N 7 H
. [ -1 TSN \ LI 5{\ I O O T A I I A
12 ~~[ | ~ : A ‘\‘ 86| 58|80 | §2| 6% as
=1 FEEENW SRR ONO R
10 ] . N N N[ \ \\\ N N_| oA 8\ | 2 °
~L T~ - N [ )Y \\\ \ h AN N
8 T | [~ AN \ ‘\‘ N
™~ - \\ < a \ A=l 159 ml\\ H‘\ \ \\\
6 T \\ ~ N \ \\ \\\
' P ‘\; o \\\ \\ \\\ \
JEEESE AN EEEANUEEANEER \ N
: e A N N : A
P " R NN N N \\ N . N
PNl IANED ARXIARATARR NS Yoo N or 78R \o N &
(O)I P\\ — ‘]\ h A \
(4]

b )
2 4 6 8 10 12 14 16 &8 20 22 24 2.6“’/’102.8 30 32 34 326 38 40 42 44 46 48 50 52 547

Figure 27.- Power-ocefficient curves for siz-blade dwal-rotating propeller, showing superimposed curves for 300, 459, and 60° single rotation.



ﬁ 4 6 8 7.0 12 < 4 6 J 1.0 171 1.4 L8 1.8 L0
prpA—A N L
L1 front prapeller y \\
— — Rea- - \
1.6 A 40
" N
1.5 N \\ 36 ‘
AN
1.4 mr \ : : N \S \\
1.3 o : i .
P -
12 Cn \ q N <C
L/ —= \ I 120 P — - N
1.0 = " 21T~ o N [\ [~ -
C'n- B — - T\ ™~ \ B, \\ \‘\
9 I s J e 2 N ] N \\
L1
Cea b NN NN
8 —— 3 i\ PN AN \}\ A
~ i a# N\ \ ™ X M \ d
7 ) ~g \ \‘~ .04 \ \ e
N ™ ~— \\ AN 357 4
6 ~ D~ ‘\ %\\ < 3 ] g9 &2.7° 1
. \; o1 —1= N [ \\ \\ h\ L N,
5 - PN o =15\ Y 54\ 56| 58] &
N \aF \ VoS L, i \
< N N
4 N . R NN N A \
[~ —. — \‘\ \\\ A \\ \
_a o — o \\ - > N ‘\ \\
1 ~ N X N
> T T I~ NN N N ) .
| raet——T S R N \ N
, Ot | 25F g4 8" A\ N X N
NlZaw -30° L35° | N\ [J40" -45° N\ } 4 =50° \| k55° ot .75R 60° )
(c) 0%* ~ 967 745° 393" 447" A=485"\\[ | | 526*\ | T [582* of. 74
(4 2 4 6 8 L0 e 14 16 18 20 22 24 2.%.8 30 32 34 36 38 40 42 44 46 48 50 52 54

Figure 28.- Individual power-coefficient ourves for six-blade dual-rotating propeller.

YoVl

g2 *?a



HACA P ¥ - &0
. 2 17
A v P - = - T 11 Dual fotion
, 0,74 4 72 NUAY I A N
/ N N
ST A TH WA \
M / A | \\ \
p ) \
| /V 1\
3 z/u;/ ) \
WN A AN \
2 A A
(/YA I \
|\ R |
. [ V51 [125P] 3o % 557 6t 65° of.
=04 |2q | [s01 [ fsell |1 [T 1

0.4.81246'2:02.42.8-12‘;/3."6040444852556.0&46.872

Figare 29.- Efficiency curves for mix-blade dusl-roteting propeller, showing euverimposed curves for
300, 459, and 60° single rotation.

V.
/\ ~

()

A

6.4

6.0

P
n
o
Q
~
L~
A
/
N\
\

5.6

5 7 o /5T 25713 . 1

52

4.8

S
N
\

\

4.4

W

=~

- \\
A

NG

\

n

lo*

S
T
A AN
N
N
\\
\ V\\ N

\
\
\

J.)

2.0

\,
\

1.6

1.2

7
P 2 ‘4@

T Line of maximum efficiency for

a

e .
b 7
| ~@=10° ot .75R

ol

o 4 .8 12 1.6 20 24 28 22 .?:6 40 44 48 52 &8 60 64 68

Figurs 30.- Denign chart for propellere 3155-6-1.5 (R.H.) and 3156-6-1.5 (L.H.); #ix blade; dual rotation.

(7]
72



8

3

§

A

\[/

3

4
W

Vi

)4

pd\

.44

18

1

3

4

Re i

I/

&

10

oK

18° 20 N

\_ \
AL LA \
) \ \ \ N\ \ \
v.

P

Q

\ [15°\[ 20| [e57\] : 0"\ 45° 50° 55° af.75R \e6o* \

AT
.

\61\ R i | ] B NI

2 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54

Figure 31.- Thrust-coefficient curves for eight-blade single-rotating propeller.

12 *8d



10 =
24 B
3.2
20
28
26
A
.4 .14 \ =
a1\ AL N A}
pERNNES \ ZAN “
] \ \ AL TN o
// \ \ wll S 16;. ! \\ ©
sils l\'/ — - \ S |
w Y - \ N /
— | |\ \ ™~ \\ AL PNV LN
N M| N N[ [5456\ 56| 60p\az]| 64| 66
NER A\ \
o N \ -
- 1 \ N \ )
02| *\ \ \\ b, \
N \ N N\ \ \
\\\ i A=10 \ l.‘!'-V X N \\ \ 0
] [~ N, - N N[\
1 IVANA \ B
e ] Q X NENANAUNANA
\\\ \\ \\ \u\\ \ \ \ 1”2
~l ™ ™~ \\‘ \, \ \ \ .
] AN N UNAUEANER VN
- NUBEAN N N NENNVEEEE VAR L
~ WHRN N N ANVER \ \ N,
A=i5° 1l | T-id.20° TN25°| \Jo° 35° [ |\, Ns5° N\50° ot.75R | DN N¢-55> \ Nt N[ &
et T NN NCT N TN TN Y NI lmeN NN T\ [ T | (f N 0%
2 4 6 &8 10

12 14 16 1§ 20 22 24 2§ 28 30 32 34 36 38 40 42 44 46 48 50 52 &4

Figare 32.- Power-coefficient curves for eight-blade mingle-rotating propeller.



NACA Figs. 33,34
. NV Y a —
D/ A \
R TN AV ) \ \ \
/1 A\
SN |
Ny NlN] j \ \
gl A 1A \ |
AV ! ! \
Sy \ | \
WA | | \
I
/l
‘/ /5P |12s° 35° 45° 55° 607 65° ot . 75R
ool o (301 [Tl | I | T 171
0 A .8 12 /6 20 24 28 32 V%’?D 40 44 48 52 56 60 64 68 772
_Figure 33.- Effjciancy curves for eight-blade gingle-rotating propeller, &5
.8 = S .
6.4
hamn7 755 : S
B ) . . 65 6.0
oy | 25 %0 [ 35 B0 Loe
Y, oA e s e T L,
f/ & ] nZa NN
5 — T
Vil I /1| 165 RN
P oA ¥ | L 1 7 I ><
i oo° 48
3 iy AV o R R '
AN P,
R/ i
1 a0 T,
P s
/ = 1 26
(0] » ] v
] 527
va
v L 28
L7 = e
= - 24
v A AT 2.0
] S5F
e e
7 et ~30° -
] a5° 1.2
I —5e = SNLine of maximum ef ficiency for C, o
- P=10° at .75R y
~ o
o 4 &8 1.2 1.6 20 24 28 32 36 40 44 48 52 56 60 64 68 72

23

Figure 34.- Design chart for propeller 3155-6-1.5; eight blade; single rotation.



O @ ;
—~———— Dual rotation
—— Single + \ ad
.80 N \ EJ
\‘ N
NN i
.75 \ \\\\\\ \ |30
D A\ N AN = \
651 ’5(' —A\ \\ \ ‘\
' N N N ]
o NTIN TN N | e
' \ \\ N\ N \ \
5 ~L | N N A u TS \ \ .
' \ S N L N \\\ \
- <K~ \ ; 0
2 \ \ St W)
pu \ \ \ \\ N y \\ \ \ 8
p N NN \ \NEAN A .
4'0 \ \ \ N \ N \ \ e
) h, \\ \\ \ \ \ . \
- \ \ \ \ INEERN \ "
' NHEHASN Y \ \ \ \ NEAN \ [ [\ \
201 NN \ AN \ NEAYN \ \ o
| NEANNAEEAUNEVANA X NEN \ \
e A A\ \ \ NN w0
\ AVAN \ NA N Wl
. NTNCR YR LA WL
| \ NER \ \SENR \ \ NN A \
/5 ) \ 1 \ N\ A\ N N \ \ \
' \NHAN W \ N N \
10 1 MHEN \ \ \ A N \
’ \ NMEAER\ \ \\‘ \ N V[N
@ A T ‘ ) N 2
g=10°\ |15°\ | 20°\ |25\ | 30° 35° 0"\ [ 5N\ . 55" af .75R 60° \ :
8 HAUAEN\NEREN \EERNE | \ | \[ bir o] Tl |, &

2 4 6 8 [0 |2 14 16 |8 20 22 &4 26 28 30 32 34 36 38 40 42 44 46

Figure 3b.- Thrust-cosfficlent ourvee for eight-blade dual-rotating proveller, showinr superimnored curves for 30°, 459, and 60° single rotatlon.



J 4 8 F. 10 1.2 mbD 2 4 8 8 1.0 17 14 1.8 1.8 Al
(2) (b)
34 \ C
——— Dual rotation 208 /.0
B I it~/ A \ N
F
N
20 \ \\
28 \ | \\ \\
22| \ . N N 7
\ A N '
26 S ‘\
.aﬁ -\\ s
o4 Y q G
"""—--—-_—_—— Y] \ \\\ \ 5
il ~ N N
82 \\ N \
- o~ \ \ “
20 a B\
E—— 14 \ VI N N AN A \ 3
1.8 ] " \ M N T NN AN N
c: ] T T 1 \ A ~ B N \ 2
1’6 T ’ \\\ \ N T N N ‘\ \
' 4~ p - \ N N N NI |,
1.4 ™ < \ \\ - A\ \\ \
q WA \\ i < N \\ﬂ' el | Noo| | Yoot
- N N
,-2 T -
N HERNUA N N NURAN
1.0 S - D N SN
' ~. NLSL AN AN AN
. N ANBA'N \ AN N N
w\‘ S ool N A N < \L \\ \\ \
6\ \\ \ \ N ‘\ h
] iy ANEE o R Y
4 ™ ™ n i \\ N ‘\ \\ A \
' ~L NN N N NN N \
”l \\ \\ \\\ \\ \\ M \
< I e h \\ \ j\ ‘N
fo) =10 T~ Ni5T N\&o° v 30° | \35* | Neo° 45 \s0° \55°* of.75R
o 2

"4 6 B8 10 12 14 16 18 20 22 24 ag',"wae 20 32 34 36 28 40 42 44 46 48 50 52 54

Figure 36.- Power-coefficient curves for eight-blade dusl-rotating propeller, showing suverimpomed curves for 300, 45°, and 60° single rptation.

VOV

98 *F4



YOVK

/ i 14 20
.7
— A . 15}
1.6 =
1.5 A
\‘t‘
LN T T T o N N ‘ “
—1 \ ~. N
|40
_— v \\ \‘\ \ \\ \
12 — —t \\ N k\ \\ \\ | 30
.10 Cn
1./ Co \} . LF
\
: 0 N Cn
1.0 G \
C"’ ™
9 P
Con A\ \\\
~ \ N - \\ \‘\ \\ \\\‘\ \ \ \\
_—— \ M N A\ AUWNNY \ A\
‘\\\ N ‘\\ \\\ \\\\ \\‘\ \ 16
EaN ANEN SNANEN N
= NEAN AN TEEN ) ANAVAVEEAY ]
N N OT~X \ J g \ AV Y
\ N ‘ wl \\~ ‘ ] \\\\ \\\ - \\
) \\‘ N \ N\ \Y‘ \\ \\‘\\ \ \ o
™~ ol SNV N Y \ NS SUEL NEANNAY NN Z )3;
WHAN AN TR RENAVENEYELYNE 0
SN h N \ \
NNEERNG\LE ™ AN N )
N 70" | o™\ N N \ NN
RN N [ N RS A N\ [ A
N t 35° 401 5" N\.G-=50" \ [\\&5° of . 75R \ 50°
~ 29, 34.5> 3924 440:\ G=48.7h\ | 535" N | | |5az' at . 75RA

P
8 10 12 |4 |16 18 20 22 24 26/'1028 20 32 34 36 38 40 42 44 46 48 50 52 4

Figare 37.- Individual power-coeffisient curves for eight-blsde dual-rotating propeller.

42 B



NACA Figs. 38,39

; SRR T
) Af T ~ N L U U buot rotation
N Sirgle] 7

gar
7

/l]

-4 //

N [~

3 //

2
1
v /

59 25P 35° 45/° 55 60° at.75R

B8=/0) |e0° 30p 0 50°
0 4 .8 12 16 20 24 28 32 Vf% 40 44 48 S2 56 60 64 68 72
L)

Figure 28.- Efficiency curves for eight-blade dual-rotating propeller, showing superimposed curves for
309, 45°, and 60° single rotation.

& > = SEANN 6.4
7 4 [60
. AR . |
, Ik NN o
5 507 J25b |50 b5 b V5T |50F 55° [ o I on
;7 1V o '
A4 i/ = e R e 4.8
Ve ] & _leor
s A EapuyEn B
i = 11 N
B ENEEEEYS=a AR
2L yal 20
// .
Rf"
/ T T 3.6
z v
0 > L 327
L1
% = 2.8
7 150
= 24
o
7
711
7 a0 1.6
1 a5°
U1 _>Line of maximum efficiency for C, /&
2 g i 4{”—1
S 7
— Z 5=10° af 75R P
1 - 0
0 4 8 12 1.6 20 24 28 32 36 40 44 48 52 56 60 64 68 72

Figure 39.- Design chart for propellers ?155-6-1.5 (R.H.) and 3156-6-1.5 (L.H.); eight blade; ducl rotation.




NACA Fig. 40

10
9
i — T 8 blade aual
/ s

.7 ;

// 8 b/ode sing/e
& /

7
.5

@)
4
10
.9
. g e e O R I s e 6 blade dual
T/
7 T
’ A/ 6 blade single
6 /
5

b
4 ®)
)
.9

1 S —
s Zd RS ———— 4 blade dual
\\’\ ———

- T

/ 4 blade single
.6 {
5
p (©)
“0 4 8 V] 6 20 24 28 32 36 40 44 48 b2 56

V/nD

Figure 40.- Effect of dusl rotation on efficiency envelopes.




1

.16 f
Wide blades
— — =—— — — Standard blades
.12 )
.08
an
v/nD I S v/aD
.04 5 == -4/8
4.8 — = B = » )
N P ﬁ_________~:::::q - 13.6
306 — — — — %:—’7‘“%\\ \s ’2.4
+ — 1 — |7 4 -1 T
2’4 A — \ 1.2
1.2 | _|——
0 .05 .10 .15 «20 «2D «30 8<15) «40
o = Bb/onr

Figure 4l.- Variations in the efficiency gain due to dual rotation with solidity and V/nD.
With wing.

VOVN

% 9L




NACA
.9

Figs. 42,43,44

=] = ‘—'---"';_—:i;— 3::2;_::___-_5_—_—%,5‘5 St L
- :—: - /’/:_ i ; /1—;7'- __/.—-"__-__—_‘--
N LT | AT A )
bl - L A
’ ] :,”,’* L LA el //
/ b AN LAV
AT P AENPS
/ s AN \(; P
/ ,/, § g // R b’ -
Y - A Lt r Single rotation s e
,,” vV // // - Dua ” i
[ XA |
AT 40 | 42| 44| 46
a1 A
/{,;, A ]
2, 2
L4 |
42
|41 — :___ == < > __:; o _-f_:_______‘_' = - _-_-__; -__—— — ] :—\QL\:\“\
- AT T T T e e e N
e ,Si:,\\' A ,/ 44‘ -1 + -
- B '/1/> / }’ i L A N O O Y .
B A% o A7 | - N
LI' y P - /\ g/ng//e rotation | | | ]
S 4 el "
L A A AL e N
AN ’ Iy T~
. j —_ 8 e
e 1T T A --—1.0
’ - 1 —.
2 /,/’l'// Pk S B g e ] — 1 [ 411
7/4/, 4215 1 O T O iy e i
|/ SauEn TH AREEERSEEN.

——F = __‘:'—'_—'-E? | ,—:; — = = oy o
- R = e === =
A TR L ] R N N R e
N 3 ///’ /1// L] T
| ,/ ,/ Z :/ -
/T -
A7 Fal v
I 7 >
, . A
rars
/ / Ak r Single rofation
14 “ - "
/ i // // wal
7 3 S
i e / == g\\:‘ =1
// ,','// by, R T~

N
o

N
N

~

S
N
S
3

RN

W
~

N
N
A
Q
A
Ny
N

—~
L

N
NNQ

N

44

2 4 ) .8 1.0 12 14 16 & 20 22 24 26 28 30 32 34 36 38

VinD
(42) Four-blade propeller (4%) Six-blade proveller (44) Eight-blade voropeller
Figures 42, 43, and 44.- Effect of dual rotation on efficiency for pronellers at constant power.



NACA

1.0

6.0

Fig, 45
B e e e S i s e et WU N .
i e S e
17/}16 ond 8 blode T~
1 =
Y
Y,
-——— 2 blode single
_______ 3 " "
—_—g . "
—_——— 6 "
— —28
2 X
(a)
— = l
e T e —
1 B A Sy s
% T \\J\~‘bj
I R N I S . —~ 7= |
) 4 - =
1 =
/4
//‘ —
—— 4 blode duol
—_— 6 o "
-_—— 8 "
1
L
(b)
4 .8 1.2 1.6 20 24 2.8 3.2 36 4.0 4.4 48 5.2 56
VinD

(a) Single rotation (b) Dual rotation
Figure 45.- Efficiency envelope comparirons for different solidities.



Figs. 46,47

1.0
.9 i -
4—‘—‘_ F [ =
8 P S
- A ’,4”’ A1 S~
// T
7 /{ :
/]
& /I .
p 2
y 7
AL s ’
1/
n //,
4 //,7’ #
/.
3 /
/i —_—- ? blode
/. A T e . ‘
2t / — 1l
#7 . el
A -— — I
1] |
0 2 4 & & 1.0 1.2 1.4 /.6 1.8 2.0 2z 2.4 26 2.8 3.0 3.2
. VinD
B Figure 46.- Effect of =olidity on efficziency for single rotation at conrtant Cp of 0.2.
/. —
9 |
| I SN e o o e =
8 ekl o=l [t
AT . ] e
—'/ ’/’ ’
.7 =
5 t:zfz’ v v
6 /A ’
5 7 7 »
4 ,
7 / — .
4 Y, 1/ ”
Y AV
/| - 2 blade
- — ——— - 3 »
i 4 -
2 % 7 — 6 .
% T
Y -
0 2 4 6 g 10 12" 14 16 18 20 22 24 26 28 30 32

VinD
Figure 47.- Effect of solidity on efficiency for single rotation at constant Cp of 0.4.



] NACA Figs. 48,49,50

I T S ——— ppad
—

&
\
\

P ‘ ] - 2 blade
| i - P N
b - g' _T
3 : — — g+
PaN INE
g oA L e
48

.8 ] 1”_,,:;/::: - T R

-~ . ~I]-.

b L L.- |

Ny

i_
G
Q( /
=

Q
|
ES
@

]
|

\
Al

2 : /__,. R
e T N —
Py N 7 e

3 50

a .2 4 .6 .8 o 2 94 6 lBW 5,0 22 24 26 28 30 22 34 36 38
n

(48) Cp = 0.6 (49) cp = 0.8 (50) Cp = 1.0
Figures 48, 49, and 50.- Effect of =olidity on efficiency for single rotation at constant Cp.




S

! NACA Figs. 51,52
1O
9
8 /’:’, ,:Zf:‘:— -\’-“Tg--;__‘__"“~:::~4b/ade
. ST ~k e
T = i INHE
.7
.6
5
7
4
4, C
.3 / ;/, Ef
/2% N N N AN AU NN SN A AN NN NN U S NN A AN N N M N Rttt oo 4
I
2
I/”I
I//
ARy &
ﬂl
0 2 4 .6 .8 Lo 2 ad 1.6 1.8 20 22 24 26 28 30 32
V/nD
Fizure 51.- Zffect of solidity on efficiency for dual rotation at conctant sower.
1.0 T
.9
P O S R N
R e o s e ey s e e e
I e g D T I L B e iy
8 = . —
= | ] -] ™
7 - =t
.9
.6 - r———
e | 8
R N N PRa T4 |
5] LA -
' 8|6 ~-1.6] T T—=-16
7 4 —g 17
32 | 34 36 | 38 4.0 42 |
4 p P
3 ////
////" 4 -] C
o — %
4 4
2 / 7 - 8
é(',' / --—— 1.0
S A
0 2 4 ) 8 1.0 1.2 1.4 1.6 L8 20 22 24 26 28 30 32
VinD

Figure 52,- Effect of =0lidity on efficiency for dual rotation at constant power.




’f
!
i

NACA

Fig. 53

1.0

\Y- 4 blade single (wide).
" «"  (standora)

/
/

(a)

{4 blade duol (wide)
-6 " (stondara,

! 1 !
t

(b)

4 8 1.2 1.6 2.0 24

Z.BV D32
(a) Single rotation /n

Figure 53.- Efficiency envelopes for orovellers having the same solidity but

different number of blades.

3.6

4.0 4.4 4.8
(b) Du=l rotation

52

56

6.0



=ame ot

B

Figs. 54,55

S A R

6 blode (stondard)-{. a P il LI

e
X

7.5

o
{ ” |
z i
B

0

i
I (

2 4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 20
VinD

Figure 54.- Comparison of efficiencies at constant power for sincle rotating oropellers

having the same solidities but different number of blades.

1.0 T
4 o
L ﬁ_%\_:ﬂ#‘ .
& blade (standord)-{ LT ‘:;===""_— — ™ T
8 (j\‘(‘/ P - =
R v:’: A }
.7 o
A | - 4 blade (wide)
V4 —
’ y anEl ]
7 5 - i JL
4 / wa
/ 7
’/
g 1
/ Cs
2 2
h o4
AR
4] 2 4 6 .8 1.0 1.2 1.4 1.6 1.8 2.0 22 2.4 2.6 2.8 3.0
‘VinD ’

Figure 55.- Comparison of efficiencies at constant power for dual rotating propellers
having the same solidities but different number of blades.



NACA Fig. 56
|

Number of wide blodes 2 3 4 e
Z 3 4 | 3 8 Number; of sfandard blodes
[T T T i T T T
p |
Stendord blodes
(refererice /ond 2)
~— — — — Widle b/ades
, Vi
.56 : — 7
.52
/ %
raf 1/
4
48| 7 I
-
A | _1ea
4/1 / .
T Cp / 4 L /
/.0 -
| 2L
40 % -
S L]
| L
.36 ) e P
// == b 6 ol
2 a e
. A o5
Cr V
A /’ b e eer—— 7171 T
.28 a
Vg4 0= L
Y7/
T
24 / I — + -
| 1@3 [ TR D IR N
P
/ +4
.20 V /
4
/ oz
— N P S I
/6 7 1T — —
/
7= %
.y L a./
.08 — === —_———
.04
o /00 200 300 <00 700 800 S00 1000 100

500 600
Total octivity foctor
Figure 56.- Variation of thrust coefficient with activity factor.

V/nD = 1.0.



NACA Fig. 57
Ofﬂf i; P ; ? BMnba?afdaMbloah 1
.60
Stondord biodes
: MY /- 4y Y775l bt
.56 = r
7 |-
y
52 WA
,/ e
7 A
A3
7
o -
o b/
¥
A,
40| /'/ [
7mCET T
/. P
3 A //.'/"-:
"0
Y el
.22 7 =1
//' e T k_.r__ —_r_.
G.- T
L~ 0.8
.28 Va
A4 | |
7
_ c.P ey - .
& QG#Z
pd
/'
M —
16, =1 — ==
/
03
12 i — —
o2
.08
ot
O
o 700 200 200 400 500 _ . 600 700 800 500 7000 700
Total octivity foctor
Figure 57.- Variation of thrust coefficient with activity factor.
V/nD = 2.0.
.




(
f

NACA Fig. 58

Number of wide blades 2 3 4 6 8
2 3 4 6 z? Numb e/:; of stondard blodes !
T T T
.60
Stondard blodes
(refererice /ond2)
— ——— — — Wide b/ades
56
//
.52
l/ﬂ
|
/
48
L
“1z0
44 f o
/—/
AT
40 —
,41/ —1
1677 L gy
36
=TT
y”
T
——T -
.32 — #_ ——
AT t/.2

CT ’, l

.28 — L

24
0.8
A1
.20
Cr
0.61 ", 4 T— 1T —t
/6 y s ——= =
—F p—— F—
. /./ =1 1 _t_ 1 L
J2 o L1
| —
0.3 T T
~§1§'=___J___A___.___J —
04 o2 e e S e
o= 1 ==
. S
2] /00 200 300 400 500 600 700 800 \ S00 /000 1100

Total activity foctor

Figure 58.- Variation of thrust coefficient with activity factor.
V/nD = 3.0.




|
|

NACA Fiss. 59,60

Number of wide blades 2 3 4 & 8
2 3 4 | 6 8 NMumber of standard blodes |
T T T T T T I
F
.36 T
Stondord blodes
(reference /ond2)
. — — — — Wide bl/odes . i .84
.32f —
-6
.28
[ |
F—— | — -l ——
24 —— /2
e
\'\QN — 1 O
1.0
20 3 .
B B Syt B
Cr = E S i
08 | |
.16 = —
“ﬁt\— |
-.}5“,_ﬁ_. - P i
gg- - B I —1———“//
2 Cu = bt
[ S — \~ I
—
0.5 == — B— _ ]
N D i e Y T b i
I B e The— e
.08 O f——1 — B e e I e el il —
e e e R = = R |
T T \?‘\.__ — S
03— —r— 11 T~k T T
R il o i e U =]
4 ] DR Y U e
o4 o.2<f.. | ] J —] \\N <;\_\__ — -
\:}\ B :_>;>,=; B o N NN S SR ’,,./l__/ I
A | — B : ™ I — |
(59) e e et et S N R e et L Bt et
|
— 1 L W\J\\“., JEUS SRR RN AP
1T —
‘20 B b IRt S — - r———_t— - t— ——_—
4 ﬁ_\',\ [ N
I g —d
/6 \ — \—
. \ \\7 L
~ vl | =
CT N —~ —
\\\~\ —~
12 R — R Se pe
B — i A —
[ / 2"\ ~—
0.2 S S S 0.8 | \\\\
.08 . =
1. —— — ]
s e I B e~ o R -
0.4t o —Tm s Ny T —
o — ] | R e e
- 0.34- o — === ‘\\ [~ T4l ___ !
\\:\ \\ o \ \\\\
0.2 A— == — T4 e S N
©60) R ——— s e N s
o 100 200 300 400 500 600 700 &E00 900 1000 1100

Total activity factor
(59) V/nD = 4.0 (60) v/nD = 5.0
Figures 59 and 60.- Variation of thrust coefficient with activity factor.




56

52

48

44

40

3.6

32

nD

2.8

24

20

1.6

r2

NACA Fig. 61
L0
.9 30 35° ?0.: 45,0 50
e s S D A Dl Y e A Ny s o N 3 MO P
P = = ke |- Py et~ ]
5 & vlade. /éo,/—{ T '}—Qj\ﬁ-‘:\\ =S
. g_,_,:, N esel I ] e Sl %)
8 20°ar. 75 R ISR N NN 2
7 =>4 ~
- 6 blode I~
T .
6
77 | .
5 /.65°
/AN Vil
. sewae. ) f5| <) |5 fe
! /
.3 4
2 ‘/\/" ol Y. GO O e W4 607
S {_7_¥ £fficiency ernvelopes /
i 7 7 A
0o [ 7 %_‘J" 5°
I /)
+ A /
ATV 154 500
- R I I /
I ™ |
B 7 _V/{L{:— -45° L_
N SR N DR I B V.Sl v 400 A% sl N SN E S Y R
] — N 117
— L ,‘ﬁ;,__.,*_ - | S S SN S,
i A2 ‘—1/40"
| P77 daRuum
N N
,;KA/ 1<50°
7
T 25°
L2 I
<20° or .76 R
/7 e D
Z Ds
10
LD D
2 7
.9
__,__Q_J Dg
— —1 1 4D
.8
— o,
D3
D P 8 2 6 20 24 28 32 36 40 44 48 5H2 56 60

C,

s
Figure 61.~- Corosite skeleton g chart fTor two-, three-, four-, six-, and eicht-blaler;

sincle rotation; provellers *155-:-1.%,




NATA Fig. 62

1o

9 :
557 40° | 25
LAl

8 | T L Je0e
. /a Sl - -]
. Neocor.75R ' ~ g blade
: = 52

Y, }\’\" 8

s

7]
X
NS

¥|60°

NN

£fficiency ervelogpes

I
T
N

:Lf.‘l i
-

1 YAres

__L |- AAA O

LI F 550 mK
|74
,/-/ - 150° j
A o
A 207
A5
T 10° or 75R
10 gﬁ
Do s
049 - ’_4_
] | T 2
] o
8
T 2 8 12 16 20 24 28 32 36 40 44 48 &2 56 60

Cs
Figure 62.- Composite skeleton Cg chart for four-, =ix-, and eickt-blades; dual rotation;
propellers *155-6-1.5 and *156-6-1,.5.



I H!l!HH||H!|!|HHI\\\|

3 1176 01354




